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1571 ABSTRACT 
In the space shuttle, a cargo bay storage rack was re- 
quired which was to be manufactured from a metal- 
plastic composite and bolted to a cargo structure. Fol- 
lowing completion, utilization of the rack was disal- 
lowed due to tolerances, that is, the size differences 
between the outside bolt diameter and the inside hole 
diameter. In addition to the space shuttle problem there 
are other close tolerance requirements for bolts. Such 
environments often benefit from close tolerance bolting. 
Frequently such fabrication is not cost effective. Conse- 
quently there is a need for means of achieving close 
tolerances between bolts and bolt holes. Such means are 
provided herein. After compressing the elements to- 
gether a strong rigid plastic, ceramic, or ceramic plastic 
fluid is forced into a channel extending through the bolt. 
5 Claims, 1 Drawing Sheet 
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MOLD BOLT AND MEANS FOR ACHIEVING 
CLOSE TOLERANCES BETWEEN BOLTS AND 
BOLT HOLES 
ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to  the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435, 42 U.S.C. 2457). 
BACKGROUND OF THE INVENTION 
This invention pertains to a method and means for 
bolting together elements having holes which are so 
large or irregularly shaped that they fit loosely around 
the bolt. Apart from lacking in strength, such elements 
are sometimes even difficult to bolt together. The 
method of this invention is particularly important 
wherein end uses demand that the elements fit tightly 
around the bolt. In one of its aspects the invention com- 
pensates for bolt holes of different sizes when multiple 
elements are being bolted together. In another of its 
aspects the invention applies to  elements, and especially 
to  composites, whose bolt holes were not formed at 
close tolerances, but whose end use demands a close 
tolerance fit. 
In the space shuttle, a cargo bay storage rack was 
required which was to be manufactured from a metal- 
plastic composite and bolted to a cargo bay structure. 
Following completion, utilization of the rack was disal- 
lowed due to  tolerances, that is, the size differences 
between the outside bolt diameter and the inside hole 
diameter. For acceptance the hole had to have a close 
tolerance fit with the bolt. Close tolerance means no 
more than 0.002 inch clearance between the bolt and the 
edge of the bolt hole. Upon investigation it was found 
that the required bolt-bolt hole tolerances were pains- 
takingly, if not prohibitively, exacting to achieve. 
In addition to  the space shuttle problem there are 
other close tolerance requirements for bolts, for in- 
stance, plates or flanges on instruments, machines and 
pipes which are subjected to vibrations and shock. 
Large instruments, pipelines and other apparatus in 
rooms housing generators and the like often benefit 
from close tolerance bolting. However frequently such 
fabrication is not cost effective. There is a need, then, 
for means of achieving close tolerances between bolts 
and bolt holes without machine tooling. Such means are 
provided herein, along with a method for accomplish- 
ing the end result. 
SUMMARY OF T H E  INVENTION 
L 
a rod having a head end and a threaded end with termi- 
nal threads. The head end includes a body portion, and 
a head adapted to permit the rod to be rotated in a bolt 
or plate for tightening. The threaded end includes a 
5 stem integral with the body portion, and an abutment 
for retention of elements on the stem between the abut- 
ment and the threads. The stem and the bolt ultimately 
securing or holding the elements together are the same 
size, in diameter and length, so the stem can be inserted 
10 in the holes in the elements being bolted. An interior 
longitudinal fluid flow passage is provided within the 
rod. It extends from a inlet opening in the head end, 
through the body portion, into the stem, to a tubular 
outlet opening in said stem between the abutment and 
l5 the threads. Also provided are means for forcing fluid 
into the flow passage inlet and through the tubular 
outlet opening in the stem to ftll the spaces between the 
bolt and the bolt hole edges when elements are on the 
stem. 
THE INVENTION 
In turbine engine repair wherein bolt holes have 
grown larger due to wear and tear resulting from slight 
movement, or from constant vibration, it is known to 
25 utilize annular plastic and ceramic inserts. The inserts 
are fabricated with a center hole the size of the bolt, but 
subsequently the bolt hole in the element being bolted, 
such as engine flanges, ears or projections must be 
drilled to the outside diameter of the annular insert. The 
insert is then driven into, or bonded in, the hole thus 
drilled in the engine flange. While being a satisfactory 
solution to a wear problem, this method of fabrication 
nevertheless involves sizing both the bolt hole and the 
35 hole in the annular insert. Moreover the prior art 
method does not solve the tolerance problem, that of 
correcting a tolerance between a bolt and the bolt hole 
when it is a few thousandths of an inch off. The method 
herein solves both wear and tolerance problems. It 
4o might be said that by the method herein an insert is 
made in situ. This can best be understood from a further 
description of the invention in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF T H E  DRAWINGS 
FIG. 1 is a cross sectional view of a mold bo1 of the 
invention. 
FIG. 2 is a cross sectional view illustrating a fluid 
injector used in conjunction with the mold bolt of the 
FIG. 3 shows, in cross section, the use of the mold 
FIG.  4 is a sectional view of an embodiment of the 
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50 invention. 
bolt of the invention. 
In one aspect the invention encompasses a method for 
DETAILED DESCRIPTION O F  T H E  adapting elements so they can be bolted together when 55 
their bolt holes fit loosely around a bolt securing the INVENTION elements, but wherein end uses demand that the holes be 
so sized that the elements fit tightly around the bolt In its preferred embodiment, the invention pertains to  
being used. Elements with irregularly shaped holes, or a mold bolt, one form of which is illustrated in FIG. 1. 
holes which are too large are tightened onto a bolt 60 As in conventional boirs, the mold bolt 2 of this inven- 
disregarding the large sizes or irregular shapes. After tion is provided with a head 4 and threads 6. Head 4 
compressing the elements together a strong rigid plas- provides flat surfaces for tightening mold bolt 2. 
tic, ceramic, or ceramic plastic in fluid form is forced Threads 6 are adapted to fit a bolt or plate confining 
into a channel extending through the bolt and into the elements, or a composite thereof, whose bolt holes are 
bolt holes, filling the spaces between the bolt and the 65 not properly sized. The elements are held on stem 8 as 
bolt hole surfaces of the elements. will be described in conjunction with FIG. 3. 
A mold bolt is also provided for carrying out the An important feature of mold bolt 2 is internal fluid 
process of the invention. The mold bolt herein includes flow passageway 10. This passageway includes an inlet 
invention illustrating the process. 
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12, a cavity 14, and outlet 18. The inlet 12 to internal 
passageway 10 opens to  the outside through a ball- 
shaped end 22 adapted to  receive a coupling, such as a 
zerk fitting, for a device for injecting fluid into passage- 
A desirable fluid injector suitable for use with the 
mold bolt of this invention is illustrated in FIG.  2. This 
injector 30, having a coupler 32, fitting ball end 22 of 
way 10. 5 
mold bolt 2, resembles a grease gun. It includes a handle 
34, a plunger 36, and a piston 38 for forcing ceramic or 
plastic in a fluid state through barrel 40 and coupler 32 
into mold bolt opening inlet 12. 
Having described the mold bolt and its injector, the 
process of the invention will now be described. As 
indicated, the preferred purpose of this invention is to 
provide a means for filling a cavity formed by different 
diameter holes in multilayers of different materials that 
are eccentric with one another. The injection must be 
controlled so the injected material does not flow be- 
tween the layers of material, the elements, and does not 
flow into the nutplate on the back of the assembly. 
FIG.  3 shows a mold bolt 2 within a stack of ele- 
ments, such as metal, plastic, and the like which are to 
be held ultimately by a bolt in a very close fit. The mold 
bolt 2 has a threaded end 6 which is threaded into a 
support plate 52. The mold bolt length is selected such 
that, when it is threaded into support plate 52 a shoulder 
54 abuts end layer 40 to hold stacked elements 42, 44, 
46, and 48 in place. Each of the elements, layers in this 
composite, is provided with a hole through which the 
bolt 2 extends. As can be seen, the holes may be of 
different sizes. In addition the mold bolt does not neces- 
sarily extend exactly through the center of each hole. 
The holes may be eccentric with respect to the mold 
bolt. 
By means of injector 30 a ceramic epoxy is injected 
through mold bolt passageways 10 and exits through 
outlet orifice 18 to fill the voids in the bolt holes, that is, 
the volume surrounding the mold bolt. In this preferred 
embodiment a pair of slots 20 are provided on each side 
of the mold bolt. The operator knows that the voids are 
full when he sees the epoxy coming out of the slots. 
Desirably also, an O-ring 56 is positioned against the 
support plate 52 to prevent epoxy from wicking into the 
threads of the bolt. 
After the epoxy has cured, the mold bolt, which was 
previously coated with a mold release, is removed from 
within the stack and replaced with the ultimately em- 
ployed bolt to hold the stack. It is understood that the 
diameter of the bolt ultimately used, and that of the 
stem of the mold bolt will be identical. Desirably also, if 
the same plate 52 is used, the threads will be identical. 
It can be seen that the mold bolt of the invention has 
several unique features. It is manufactured to a close 
tolerance matching the bolt ultimately used because 
that ultimate bolt required a close tolerance fit. The 
threads on the mold bolt are the correct length so they 
engage the nutplate without protruding into the bolt 
holes being filled creating a stress point in the ceramic. 
The slots or chamfers and O-ring render the process 
easier to carry out. 
Having been given the teachings of this invention 
ramifications and modifications will occur to those 
skilled in the art. As an example the process can be used 
without the mold bolt of the invention. As shown in 
FIG. 4 the fastening means 60 ultimately used can be in 
the form of a threaded stud, with threads 62 for use in 
conjunction with end use hardware assembly, such as 
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wrench flats 64 which are used to assemble fastener 60 
to plate 52, and features similar to bolt 2 in FIG. 1 for 
the flow of ceramic fluids. The insert material can then 
be injected as described hereinbefore but the bolt need 
not be removed after the process is complete. 
As another modification, it will be obvious that the 
injector illustrated in FIG. 2 need not be used. Various 
pressure systems are known for injecting plastic fluids 
into a channel. Further various ceramics and plastics 
will occur to those in the field. From among those uti- 
lized for inserts such as those described those having the 
correct consistency and a high compressive strength in 
the range of 12,000 to 15,000 psi will be selected. Desir- 
able materials are ceramic based, and metal containing 
epoxide resins, such as Devcon Ceramic Based Epox- 
ides and Devcon Titanium Based Epoxides. However in 
other environments polyesters, phenolics, and polye- 
poxides can be employed which include quartz, lime- 
stone, and metal oxides as reinforcing agents. As an- 
other modification it will be obvious that in lieu of a 
threaded end plate a plate or washer with an appropri- 
ately sized hole for the bolt, followed by a nut can be 
used. Other uses will also occur to those working with 
the invention. In addition to stacks of elements the in- 
vention will be valuable for engine bolts, compressors, 
generators and pipe flanges where better fits are de- 
sired. Such variations are deemed to be within the scope 
of this invention. 
We claim: 
1. A mold bolt for adapting elements so they can be 
bolted together when their bolt holes fit loosely around 
a bolt to be subsequently used to secure the elements, 
but wherein end uses demand that the holes be so sized 
that the elements fit tightly around the subsequently 
used bolt, comprising a rod having a head end and a 
threaded end, the head end including body portion and 
a head adapted to permit the rod to be rotated for tight- 
ening, the threaded end including a stem integral with 
the body portion and terminal threads, an abutment 
between the stem and the body portion for confining 
elements on the stem between the abutment and the 
threads, the stem being equal in size to the bolt subse- 
quently securing the elements, an interior longitudinal 
fluid flow passage within the rod extending, from an 
inlet opening in the head end, through the body portion, 
into the stem, to a tubular outlet opening in said stem 
between the abutment and the threads, and a slot 
through the abutment. 
2. The mold bolt of claim 1 carrying elements on its 
stem, a nut plate compressing the elements, and an 0- 
ring against the nut plate, in combination with means 
for forcing fluid into the flow passage inlet and through 
the tubular outlet opening in the stem to fill bolt hole 
space between the bolt and bolt hole edges when ele- 
ments are on the stem. 
3. A reusable mold for adapting elements so they can 
be bolted together by a conventional bolt when bolt 
holes in the elements fit loosely around that conven- 
tional bolt, but when end uses demand that the holes be 
so sized that the elements fit tightly around the conven- 
tional bolt, the mold being in the form of a mold bolt 
comprising a rod having a head end and a threaded end, 
the head end including a head and a body portion, and 
the threaded end including terminal threads and a stem 
the size of the conventional bolt, the head being adapted 
to permit the rod to be rotated for tightening when the 
terminal threads are inserted in a nut or nut plate, a 
shoulder formed as an abutment spaced from the head 
5,265,994 
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between the body portion and the stem to confine ele- 
ments on the stem when a nut or nut plate is tightened 
on the threaded end, an interior longitudinal fluid flow 
passage within the rod extending, from an inlet opening 
in the head end, through the body portion and into the 5 
stem to a tubular outlet opening in said stem between 
the abutment and the threads. 
4. The mold bolt of claim 3 carrying elements on its 
stem and a nut compressing the elements, in combina- 
tion with means for forcing fluid into the flow passage 10 
inlet and through the tubular outlet opening in the stem 
to fill bolt hole space between the bolt and bolt hole 
edges of the elements on the stem. 
5. The mold of claim 3 wherein the stem is smaller in 
diameter than the body portion, a shoulder being 
formed therebetween as a result of this size difference as 
the abutment for confining elements on the stem, and 
wherein the terminal threads on the threaded end are 
identical to those of the conventional bolt. * * * * *  
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